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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

LISTING OF CLAIMS: 

1 . (Currently Amended): A fiberoptic sensor for measuring at least one 
electric current or magnetic field, having 
a light source, 

N sensor heads that can be arranged in the shape of a coil around current 

conductors or along the magnetic field, N being a whole number with N > 2[[,]]; 

at le ast exactly one phase modulation unit, having at least one phase modulatory,]]; 

at least one detector^-aftd; 

a control and evaluation unit that is connected via at least one detector signal 

line to the at least one detector, and via at least one modulator signal line to the at 
least one phase modulatory,]]; 

first means being provided for guiding light from the light source into an end, 

on the detector side, of the phase modulation unit[[,]]; 

second means being available for guiding light from the end, on the detector 

side, of the phase modulation unit to the detector[[,]]; 

wherein the at le ast on e phase modulation unit having has a further end, on 

the sensor head side, that is optically connected to at least one of the N_sensor 
heads, and 



VA 798315.1 



Attorney's Docket No. 004501-718 
Application No. 10/777.403 

Page 4 

N reflection interferometers are provided, each of the N reflection interferometers 
includes exactly one of the N sensor heads, and the N sensor heads in each case 
having a mirrored end ff.1 l and 

wherein by means of the at l e ast one phase modulation unit linearly polarized 

lightwaves can be phase-modulated differentially in a non-reciprocal fashion, 
wherein N modulation amplitudes <j> 0 , n and N modulation frequencies v n are provided 
for the non-reciprocal differential phase modulations, the modulation frequencies v n 
and two prescribable positive whole numbers p, q with p * q being selected in such a 
way that i t holds the following equation is fulfilled for all positive whole numbers z and 
for all whole numbers n, m with n * m and 1 < n,m < N that: 

p+Vflj^^z+Vm p x v ^ z * Vm and 
q*v„jA-z*v m q x V£L? fe z_xv m 

and the modulation amplitudes <J> 0 , n and the modulation frequencies v n being selected 
as a function of modulation-relevant optical path lengths in . 

2. (Currently Amended): The sensor as claimed in claim 1 , wherein exactly 
one control and evaluation unit is provided, in which signals that originate from the 
various sensor heads and are fed to the control and evaluation unit via the at least 
one detector signal line can be distinguished from one another by means of 
frequency filtering, it being possible to convert these signals into N output signals S n> 
in particular it being possible to determine the output signals S n for each n with 1 < n 
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< N from signals at the frequencies p*v« p * Vn and g*v n g * v n in the control and 
evaluation unit. 

3. (Currently Amended): The sensor as claimed in claim 1 , wherein e xact l y 
on e phas e modu l at i on unit is provided, and i n that N r e f le ct i on i nterferom e t e rs ar o 
prov i ded, e ach of th e N r e f le ction interf e rom e t e rs i nc l ud i ng e xactly ono of tho N 
s e nsor h e ads, and th e N s e nsor h e ads in each cas e having a mirror e d end the light 
source is connected to the control and evaluation unit via a light control signal line, 
and in that a time division multiplexing method is provided for the measurement . 

4. (Currently Amended): The sensor as claimed in claim 31 , wherein th e l i ght 
sourc e i s conn e ct e d to th e contro l and e valuation un i t via a li ght control s i gna l li n o , 
and in that a t i m e division mult i p l ex i ng method i s provid e d for th e m e asur e m o nt the 
phase modulation unit either (a) is a modulator circuit having N phase modulators, in 
particular piezoelectric phase modulators, each of the N phase modulators being 
assigned to exactly one of the N modulation freguencies v n , and wherein each of the 
N phase modulators can be operated at the modulation freguencv v^assigned to it, 
and wherein the differential phase of oppositely directed lightwaves polarized parallel 
to one another can be modulated, or 

(b) includes a single phase modulator, configured as an integrated optical 
phase modulator, which permits a simultaneous phase modulation with the N various 
modulation freguencies V n , and it being possible to modulate the differential phase of 
lightwaves that propagate in the same direction and are mutually orthogonally 
polarized . 
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5. (Currently Amended): The sensor as claimed in cla i m 3 claim 4 , wherein 
th e phas e modulat i on unit e i th e r (a) is a modu l ator c i rcuit hav i ng N phaso 
modulators, i n particu l ar p ie zo e l e ctr i c phas e modu l ators, each of th e N phas o 
modu l ators b e ing assign e d to e xact l y one of th e N modu l at i on fr e quenci e s v ^-aral 
wh e r ei n oach of the N phas e modu l ators can b e op e rat e d at the modu l at i on 
fr e quency v^assign e d to i t, and wh e rein th e diff e r e nt i al phas e of oppos i te l y d i rected 
li ghtwav e s po l ar i zed para ll el to on e another can be modulated, or 

(b) i nclud e s a sing le phaso modu l ator, conf i gur e d as an i ntegrat e d opt i cal phas e 
modulator, wh i ch p e rmits a simu l tan e ous phas e modu l at i on w i th th e N various 
modulat i on frequenc i es v ft t and i t b e ing possibl e to modu l at e th e diff e r e ntia l phaso of 
l ightwaves that propagat e i n th e sam e d i r e ct i on and ar e mutua ll y orthogonal l y 
po l ar i z e d selection p = 1 and g = 2 is made, wherein the N modulation amplitudes 
d)o n and the N modulation frequencies vn are selected in such a way that amplitudes 
an n of the modulation of the differential phase of the linearly polarized lightwaves lie 
between 1.7 and 2.0, in particular between 1.8 and 1.88, or are essentially 1.84 for 
all n with 1 < n < N . 

6. (Currently Amended): The sensor as claimed in etaim- 4 claim 5 . wherein N 
phas e modu l ation units having on e phase modu l ator e ach aro provided, th e nth 
phase modu l at i on un i t be i ng optica l ly conn e cted to th e nth sonsor head, and i t bo i ng 
possib le to op e rat e the nth phas e modu l ator w i th th e modu l at i on fr e qu e ncy v flr -afl€l 
each of th e phas e modulators boing connected to th e contro l and e va l uation unit v i a 
one modu l ator signa l li n e e ach either 
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(a) exactly one detector is provided, or 

(b) N detectors are provided, each of the detectors being connected to the 
control and evaluation unit via one detector signal line each . 

7. (Currently Amended): Th e s e nsor as c l aim e d i n cla i m 6, wh e r e in N 
r e fl e ct i on int e rf e rom e t e rs ar e provid e d, e ach of th e N r e fl e ct i on i nt e rf e rom e t e rs 
compr i sing e xactly on e of th e N s e nsor h e ads, and th e N s e nsor h e ads in e ach case 
hav i ng a mirror e d e nd, and 
wh e re i n o i thor 

(a) th e phase modu l at i on units ar e modulator circuits, and wherein i t is possibl e to 
modulat e th e d i ff e r e nt i a l phas e of oppos i t el y d i r e ct e d l ightwav e s po l ariz e d paral l el to 
on e anoth e r by m e ans of th e phas e modu l ators, and wh e r e in th e phase modu l ators 
ar e pi e zo e l e ctr i c phas e modulators, or 

(b) e ach of th e phas e modulators can modulat e th e d i ff e r e nt i a l phas e of mutua l ly 
orthogona ll y po l ariz e d lightwav e s propagating in th e same direction and, wh e r ei n th e 
phas e modulators ar e i nt e grat e d opt i ca l ph a s e modu l ators A fiberoptic sensor for 
measuring at least one electric current or magnetic field, comprising: 

a light source: 

N sensor heads that can be arranged in the shape of a coil around current 
conductors or along the magnetic field, N being a whole number with N > 2; 

at least one phase modulation unit, having at least one phase modulator: 
at least one detector: 
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a control and evaluation unit that is connected via at least one detector signal 
line to the at least one detector and via at least one modulator signal line to the at 
least one phase modulator; 

first means being provided for guiding light from the light source into an end 
on the detector side, of the phase modulation unit; 

second means being available for guiding light from the end, on the detector 
side, of the phase modulation unit to the detector the at least one phase modulation 
unit having a further end, on the sensor head side, that is optically connected to at 
least one of the sensor heads, and 

wherein N phase modulation units having one phase modulator each are 
provided, the nth phase modulation unit being optically connected to the nth sensor 
head, and it being possible to operate the nth phase modulator with the modulation 
freguencv Vn, and each of the phase modulators being connected to the control and 
evaluation unit via one modulator signal line each, and 

wherein by means of the at least one phase modulation unit linearly polarized 
lightwaves can be phase-modulated differentially in a non-reciprocal fashion, 
wherein N modulation amplitudes ^ and N modulation freguencies v^are provided 
for the non-reciprocal differential phase modulations, the modulation freguencies v» 
and two prescribable positive whole numbers p, g with p ^ g being selected in such a 
way that the following eguation is fulfilled for all positive whole numbers z and for all 
whole numbers n, m with n ^ m and 1 <n,m < N that: 

p x VjL ^ z * v m and 
g x v ^ z x Vni 
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and the modulation amplitudes d> n n and the modulation frequencies v n being selected 
as a function of modulation-relevant optical path lengths 

8. (Currently Amended): Th e s e nsor as c l a i m e d in cla i m 6, wh e r ei n N 
Sagnac int e rferom e t e rs ar e prov i ded, e ach of the N Sagnac i nt e rf e rom e t e rs 
i nc l uding e xact l y on e of th e N s e nsor h e ads, and 

wh e r ei n e ach of th e phas e modulat i on units is e ss e ntia l ly one phas e modu l ator 
e ach, i t be i ng possibl e to modu l at e tho d i ff e rentia l phas e of oppos i t el y dir e ct e d 
l ightwav e s, polariz e d parall el to one anoth e r, by m e ans of th e phas e modulators, 

and 

wh e re i n th e phas e modulators ar e p ie zo el ectric phas e modulators or i ntogratod 
opt i ca l modulators The sensor as claimed in claim 7, wherein N reflection 
interferometers are provided, each of the N reflection interferometers comprising 
exactly one of the N sensor heads, and the N sensor heads in each case having a 
mirrored end, and wherein either 

(a) the phase modulation units are modulator circuits, and wherein it is 
possible to modulate the differential phase of oppositely directed lightwaves 
polarized parallel to one another by means of the phase modulators, and wherein the 
phase modulators are piezoelectric phase modulators, or 

(b) each of the phase modulators can modulate the differential phase of 
mutually orthogonally polarized lightwaves propagating in the same direction and, 
wherein the phase modulators are integrated optical phase modulators . 
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9. (Currently Amended): Th e sensor as claim e d i n c l a i m 1 , wh e r e in s e l e ction 
p = 1 and q = 2 i s mad e , and i n that th e N modulat i on amp li tud e s fa n and th e N 
modu l at i on fr e qu e nc ie s v fi ar e s e l e ct e d i n such a way that amp l itudes of th e 
modulat i on of th e d i ff e r e nt i al phas e of th e lin e arly po l ar i zed l ightwav e s l i e b e tw ee n 
1.7 and 2.0, in part i cu l ar b e tw ee n 1.8 and 1.88, or ar e e ss e nt i a l ly 1.84 for a ll n w i th 1 
< n < N The sensor as claimed in claim 7, wherein N Sagnac interferometers are 
provided, each of the N Sagnac interferometers including exactly one of the N 
sensor heads, and 

wherein each of the phase modulation units is essentially one phase 
modulator each, it being possible to modulate the differential phase of oppositely 
directed lightwaves, polarized parallel to one another, by means of the phase 
modulators, and 

wherein the phase modulators are piezoelectric phase modulators or 
integrated optical modulators . 

10. (Currently Amended): Th e s e nsor as claimed in cla i m 1 , wh e r ei n ei th e r 

(a) e xactly on e d e t e ctor i s prov i d e d, or 

(b) N dotoctors are prov i ded, each of th e d e t e ctors b e ing connoctod to th e contro l 
and ova l uation un i t v i a on e d e t e ctor s i gna l li n e e ach The sensor as claimed in claim 
9, wherein selection p = 1 and g = 2 is made, and in that the N modulation 
amplitudes <t> n_ n and the N modulation freguencies V n are selected in such a way that 
amplitudes otnn of the modulation of the differential phase of the linearly polarized 
lightwaves lie between 1.7 and 2.0, in particular between 1.8 and 1.88, or are 
essentially 1 .84 for all n with 1 < n < N . 
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11. (Currently Amended): Th e sensor as claimod in claim 1 , whoro i n N - 3 or 
N - 6, and the oloctr i c curr e nts of thr ee phas e s of an ele ctr i c high vo l tag e syst e m 
can b e m e asur e d by means of on e s e nsor head oach in the case of N - 3, or bo i ng 
able to bo m o asur o d by moans of two s o nsor h o ods e ach i n th e cas o of N - 6 The 
sensor as claimed in claim 10, wherein either 

(a) exactly one detector is provided, or 

(b) N detectors are provided, each of the detectors being connected to the 
control and evaluation unit via one detector signal line each . 

12. (withdrawn): A method for measuring at least one electric current or at 
least one magnetic field, a light source emitting lightwaves that are converted into 
linearly polarized lightwaves, and 

the linearly polarized lightwaves being guided into N sensor heads in which the 
lightwaves undergo a phase shift, which phase shift depends on the current or 
magnetic field to be measured, N being a whole number with N > 2, and 
the lightwaves being detected in at least one detector, and 

the lightwaves undergoing a non-reciprocal differential phase modulation in at least 
one phase modulation unit having at least one phase modulator, the at least one 
phase modulation unit being traversed by the lightwaves both during their 
propagation from the light source to the sensor heads and during their propagation 
from the sensor heads to the at least one detector, and 

a control and evaluation unit being used both to control the at least one phase 
modulator and to evaluate signals originating from the at least one detector, wherein 
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the lightwaves are differentially phase-modulated in a non-reciprocal fashion with N 
modulation amplitudes (j) 0t n and N modulation frequencies v n , the modulation 
frequencies v n and two prescribable positive whole numbers p, q with p * q being 
selected in such a way that it holds for all positive whole numbers z and for all whole 
numbers n, m with n * m and 1 < n,m < N that: 

p*v n ^ z«v m and 
q*v n * z*v m , 

and the modulation amplitudes (f> 0 , n and the modulation frequencies v n being selected 
as a function of modulation-relevant optical path lengths ^ n . 

13. (New): A fiberoptic sensor for measuring at least one electric current or 
magnetic field comprising: 
a light source; 

N sensor heads that can be arranged in the shape of a coil around current 
conductors or along the magnetic field, N being a whole number with N > 2, wherein 
when N = 3 or N = 6, and the electric currents of three phases of an electric high 
voltage system can be measured by means of one sensor head each in the case of 
N = 3, or being able to be measured by means of two sensor heads each in the case 
of N = 6; 

at least one phase modulation unit, having at least one phase modulator, 
at least one detector; 

VA 798315.1 



Attorney's Docket No. 004501-718 
Application No. 10/777.403 
Page 13 

a control and evaluation unit that is connected via at least one detector signal 
line to the at least one detector, and via at least one modulator signal line to the at 
least one phase modulator; 

first means being provided for guiding light from the light source into an end, 
on the detector side, of the phase modulation unit; 

second means being available for guiding light from the end, on the detector 
side, of the phase modulation unit to the detector, the at least one phase modulation 
unit having a further end, on the sensor head side, that is optically connected to at 
least one of the sensor heads, and 

wherein by means of the at least one phase modulation unit linearly polarized 
lightwaves can be phase-modulated differentially in a non-reciprocal fashion, 
wherein N modulation amplitudes <j) 0 , n and N modulation frequencies v n are provided 
for the non-reciprocal differential phase modulations, the modulation frequencies v n 
and two prescribable positive whole numbers p, q with p * q being selected in such a 
way that the following equation is fulfilled for all positive whole numbers z and for all 
whole numbers n, m with n * m and 1 < n,m < N that: 

p x v n * z x Vm and 
q x Vn * z x v m 

and the modulation amplitudes (fori and the modulation frequencies v n being 
selected as a function of modulation-relevant optical path lengths ^» . 
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